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RESEARCH ON PROPOSING EVALUATION METHOD OF SPLITTING STRENGTH ON THE
DRIFT-PINNED JOINT WITH STEEL INSERTED PLATE.

-An approach to establishing design methods for large wooden buildings-

Ch. Yo Ochiai
Mem. Wataru Kambe, Shoichi Nakashima, Shigefumi Okamoto, Kenji Kobayashi,

Atsuo Takino, Kei Sawata, Kenji Aoki, Masahiro Inayama

Drift-pinned joints with steel inserted plate are commonly used in wooden buildings, and it is known that these kinds of joints are failed
by splitting at earthquakes, but there is no authorized method to estimate their strength. In this paper, the evaluation method of splitting
strength on the joints was proposed, and verified its validity by experiments. The results showed the method can estimate the splitting

strength with less than 30% accuracy. However, there also remained the issue that the strength was underestimated at the joints with a

thickness of 120 mm, although it was on the safe side.

LIFL®IZ

WS, BREREOBEND, AT Toa~T ) 7L
BEH SN TWD, FRICEFERATIEI=a~T U 7L T
HHRMMRNOTHRVIZERRZBOTEBY, ENTIE
FYA 3 A THRODTARERFEDEIR L 22 T
Wb, TOBMIIIHEY, TRETREREDINET
OEEMBL D K&V, AR - FEE V-7, W
DD HFKIFABAERED DR N TERE SN TV D,
ORI S ALY 1, fERDOEERM L N, B E
KOHENBBO TCREL D20, +HICLEIHE
LT7eiRFHEAT O MER b D, —MRANICHEEEEHIEL N K & W

Lt A IEE - BRIV SRR - el A fidT &
N o T2 AR RS R IR K o TR R L HERT D,
ARIERETIEZEN O OFRFHENRIEMILINTE ST,
ZDOERDO—2IZ, Kb OIEBEYPEIZ DWW TIE R 7225
BN, WMLV TH S THI o PRl EE L &
W ZERD D, B, “HIRBE LB SN T
WIRWAM DR IED —>T, EHF LTI E TITH
G ORI B B FIE & D T B BIZ I TR
M DSRAME ST 17 & BRSNS B & R Dl G T,
SRR TR T 2 2 mTREMEA B 0, FIZEM ) HE @ vk
RENICH T HRFHEERRET 2 2 LIFMRREOFETH

FUROR RPN P AEMPP A ER BB e (B F BT A .

BT MR M (%)

FO[ESIATSEB REIE N REENIZERT AR R [ (REE) KPR SRR R ETEREEVTER A (1)

ORI RIAE WEBGR L (R
FTIEHRE RO BE BEATSERE GEA MR (B

FORURN KN P AMPHAER R L (09

*ORAKT R EERITE WBR WL (1)
*SRUURSEREDE A MRIEIR MR L ()

TR SRRSO - RERIFFUEIS 4R No.47, 2020 4R

1



%o

ARIERLEYIT I T 2 EI A OBt I3 8% < ffj“
%, Vander Put &%, &2 HIZ LA MES
2B 2 BRI N HEER A RECOL, iUUIIO)mzn
HIMETH % Eurocode 5 * DRENDORREHUETH HAE
MEXE R G BLME - RS M bWA S h T, LaL,
Van der Put ZUFAM OMEHME ELAZ J5 [ faf 23030 2 IR0

ZRE L, M7 A B O IHEE 2175 2 LTk
R, =TT, H D TR AR AL DRSO MkHE

JFIAIN SRS B B B e @ OB E AT o725
9, Lal, ZoRERTFERIC X 2 EYR TS
ZLW, Tbb, ZNE TOFETOIRE L (HER

DB S &> 72)  FRHE DT 1) T RIS 3 2 BRI 72
LI A HEE, B L OZ ISR DG kv &
FTEThHDH, I T, FEHOIIPEFEONSE CTHINE A
WY 7 NG TR O i R IS 1T D BRI
BN BRI HEE R AR L7250 19, Z oifFgI
BOROBMIPEREEET D2 L TIHHAMICEROBES
B HMATE S &0 5 8T, JBTARE & I T
Hot,

ARFIEIE, BEREOBLGRT O XO% IS H LT, ALY
WCBW T IZHEH SN TOWAHEREARD 7 F e
BEGHEN 35 0T 2 Ml J7 70 467 B INE 0D S 2L S T ) HE T 15 A
REL, FRICLK-oTRIET 222 HBET D,

Bending stiffness
Low

Edge margin : Short

Grain

2HRIEA R 7 FEVESEICES 1T AT AMEE
SRR KU 7 N B AT A HEE R
BEE ORFFE D BRGR T 0 X 0% FLICIREZ1T O, T OB
B, MEOHKICENRY 7 FEVREFEL, £
WZR O XS NED AN ENT D, & L TR IE
@Wkﬁﬂlﬁ@irﬁf BT W B N s T
5, Lo HDThoT,
BETEDOMFZESO- XN L D &, £, AMOMER LR
TELH0E LTEIESHOKEHOREIZOWTHE
H3 2 &, K2-1 O8ITHRIBBENSFEWISEIE, HIRSE
ok, AMOBETH S/ NS Wi, BIZO R R 2> 5 R
MMARE R 7 NECRED, 207D, BIZEALIE
RIS N kbivsd, —FHT, K22 0X5ICkHE
HERS R WIGEE, BRI A O AR O K E Wi

O, A OB & BNEEEEOB OGS S, R
V7 FECDOIBERE RN, FO-%, BZIREA LK

BN BREFS AL, mOEIMEE RO,

ZLT, TOEZXEKIAMOMENERED L 51K
Kol aB 25 L, BREFENEWGEIT, X230
EOICHIAENERL, ISNOSHBHERE L TV EE X
bivd, T7hbbh, FIENREET D EFIRNA U #iPH
RIS A BNME T T2, £ L CHEOERE &b rnﬁ

NEFoTNE, FIRPWHOREICKSE, #EHR
Ductility : Low
Opmar = Fo 7
9
<
Q
2

Displacement

4 2-1 BHEEATRICENTVRVSEEDOARBEOHR SR &E-ERE R

Grain

High

Bending stiffness

Ductility : High

Q
|
e

emax ~

Load

Edge margin : Long

Displacement

X 2-2 BIEEATRICENTVDEEDRNRBIROMEE & AE-ERERK

TERSE TSRS - FERMFEI 4R No.47, 2020 4k



XFFCTERL RV N BN RT D, — 5T, FEMIE EEZ B, M2-51285 G0 MBRHERT 5,
WA, X 2-4 DL ICHIANERL TYH, KO FROBLXFELIS, BIRFARY 7 hEVEATO
ENELT, BEANIREINATZO, MANMET L FIHEHEE R DOREEIT .,

W, EBRIZIZINSDr—2D RO L D pEENC R D

@

—Splitting

Little
bearing stress

Bearing stress

Splitting

@

7 Splitting

X Splitting ' A D splitting

2-4 BEENTFTENTORIEEDHREBEARY I FEVEABICE T 2BRBEREEA D =X L

TR SRRSO - RERIFFUEIS 4R No.47, 2020 4R 3



4

\

= Splitting

. —Splitting

@ Little
o bearing stress
PhallE
/’((‘/ﬂ/ H } ) ”
Z I }\ I
2 it 1l

(i g !

},H )‘
gl
N\

‘ H“J’v/
= - LX—Splitting

\,
N

2-5 EREOMERBBARY 7 bEVESRICE T IBIRBEREA DXL

T, MR OEARARN D LS AN MEEZ A L
TR DT b AR FRAOME L TR
b,

E1%+kdy =0 (1)
ZIT, E:#HEAEEOY RS (Nmm?), T #5E
OWim _RE— A b (mm*), k: KM OmEEEK
(N'mm?), d: #4842 (mm), x: MG S O HHEE
(mm), y: X 2-6 Z7RT x(ETOHAE (mm)
ZLT)RITHT DRy %, RERE 4 &2 H W

SIOEZHEA L LTCQHXD L HIcEHRT D,
5
y=) Al @)
i=0
QXD 6 DOREERET B, Hih D OHFIES
1010 i b St D IRRITR TR L 0 iERiEE 5 <,

9(%):0,@(0):0

o(§)=5 w0 =0

t
F 519 4 ray ) dx = 0
0 dx* y)ax =

f 512 4 ray ) dx = 0
0 dx* y)ex=

TIT, 0 EbARAOIEPE (), Q) : EAKHO
AL (N)

FNEN

TERSE TSRS - FERMFEI 4R No.47, 2020 4k

B)FH & REFIIC BT 55 R A< = & T,
BB DI ERE (4).5)RD L 5 ITRD B Z LW TE B,

1 13a — 27 a—2

3 2

yZP(@J’ 57601\ 96EI " *
L “4)
a-— 4@ 5)
toaEre™ " 30E12”
1
)

%= 046 + 11.60 Ed3 /kt*

HiFE—2 Y B LOEAWN N OUTRUEIXG)R D8

FTA—=H aeHNT, AXDOLHIIFzNEFNRTZEN
TX 5,

M(x)=P(—a2_tlxz+%x3) (6)
Q(x)=P(—a_1x+i—Zx2) 7

2T, Mk : iiFE—2A 2 FOIEEHE (N mm)
FEEALE x TOZEISNE IR TREND T BT
ZWoy L, A REATHRT S Z & TRIHTE, ®)AT
H3nas,
1 Q(x + Ax) — Q(x)

oe(%) = EAlaicr—r}o Ax

_P<4-a a—l)
“a\e@”* t

x=t/2 OWE, IJEIE I ERN I KIZ2 5 DI 507D T,

®)




3EAMRIBEARY D REVES
3.1 HEBRAE

2 EECIEZE LB ) HE
FARY 7 eSO
I 3-1
U7 hEUVHESH AR LR
BN 2170, sRBRIR T
BRESELEALE L, T
EERAITHOZ L THEEL,

t P

(3)=2(+) ©
BEHLS O 9050, SRS A K FE 1T 7 LT R
BEDRAET B LB X DR, ZORERRA0RE 25,
(10)

a+

Oemax =

Uemax = FB

ZZ T, Fe:3JEME (N/mm?)
F72, U7 NEUERIZEIT 5 E X Burocodes
AryankcRshd,
F, =82(1-001d) y
ZIZTC, oy AMOE
O L)X AN LTS Z &I

(1)

Wood species

Ko T, HpEEA

B BIRFAR

FEXDRFED 728
G

, ERRR
ﬁ%%%%btoﬁﬁw

by N7y EBE 3-1IIRT, FREAR R

BRiKIC, HHE T 1R — 7 1A
DRY 7 KNI B EIE
bbb, WK e
BRI TEIE 1 RO R 7

Series

FU 7 hECESEICEIT AERM IR TN EEL 2L

CE

12

Al

i

NTED,
F,-d-t . o - .
Popiit = — (12) Diameters of drift pin  Specimen number
a+
3-2 HERAZ DR
ZIT, Pou: HIZS (N) ’
1 1 [l Steel side
t oo O plates
= | P oleee SO
Pf Steel inserted plate °Z°Z°:@ .§ e
| Specimen :‘?:@:@: © o \ Screws
/ Drift pin 2leta"e R
Edge margin]l Edge margin2 r
7‘ ,,,,,,, _ Specimen
| e (Timber)
/4 Diameter @ e \ -
of drift pin| | =5 —Drift pin
P -
Infinitesimal interval P
L Ax (mm) Steel inserted
—_ lat
Position of drift pin © O U plate
x (mm) Thickness
B Front Side
surface of specimen
26 BEWIZHT S x OLLE B3t RBRpR R
#3-1 BIRBIBREBANS A—4 (CE2 VY —X/AX - FYT LEY 912)
. Wood ~ DEmeter g g Edge margin ~ Thickness  Density Number
Series species of drift pin marei (mm) 3 of
P : d (mm) en 1 2 (g/enm’) specimen
CE12 1.5d 0.46
Q 1.5d ——
CE12R 9d 30 0.45
CE12S 9d 0.47
CE12T 1.5d 0.46
1.5d ———
CE12U 0d 60 0.47
CElpy  Japanese 9d 0.48
CEw  codr 12 7d 1.5d 0.45 6
(CE) 1.5d ———— ‘
CE12X 9d 90 0.46
CE12Y 9d 0.42
CE12A 154 1.5d 0.40
CE12D ’ 9d 120 0.38
CE12G 9d 0.49
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# 32 BIHBIBRERANS A —4 (CEI6 VY —X/AX - FYIT FEY ¢16)

. Wood Dlar?ete.r End Edge margin Thickness  Density Number
Series specic of drift pin mared (mm) 3 of
pecies : d (mm) g 1 2 (g/en’) specimen
CE16Q 1.5d 0.29
1.5d ———
CE16R 9d 30 0.29
CE16S 9d 0.45
CEl6T 1.5d 0.28
1.5d ——
CEl6U 94 60 0.32
CElgy ~ lapanese 9d 0.44
CElow o 16 7d 1.5d 0.34 6
(CE) 1.5d ———— ’
CEl16X od 90 0.34
CEl6Y 9d 0.41
CE16A L5d 1.5d 0.40
CE16D ) od 120 0.45
CE16G 9d 0.37
# 33 BIHBIEABREKNASA—F (CYI2VY—R/EJF - YT FEY 912)
. Wood Dlan'lete.r End Edge margin Thickness ~ Density Number
Series . of drift pin . (mm) 3 of
species - d(mm) margin " 5 mm (g/em’) specimen
CY12Q 154 1.5d 0.47
CY12R ) od 30 0.48
CY12S 9d 0.56
CY12T 1.5d 0.47
1.5d ———
CYI12U od 60 0.50
cylpy lapanese 9d 0.59
cylzw P 12 7 1.5d 0.49 6
(CY) 1.5d ———— ’
CY12X od 90 0.48
CY12Y 9d 0.53
CY12A 1.5d 0.50
1.5d ——
CY12D oy 120 0.54
CY12G 9d 0.59
# 3-4 BIRBIERBRAK NS A—42 (CYI6 L U—X/E/ X KT REY 916)
. Wood Dlar.nete.r End Edge margin Thickness  Density Number
Series . of drift pin . (mm) 3 of
species d (mm) margin ) > mm (g/cm) specimen
CY16Q 154 _1.5d 0.49
CY16R 7 od 30 0.48
CYl16S 9d 0.48
CY16T 154 1.5d 0.47
CY16U ’ 0d 60 0.49
Cyley lapanese 9d 0.48
—————— cypress 16 7d 6
CY16W 1.5d 0.43
(CY) 1.5d ———
CY16X — o 90 0.48
CYl6Y 9d 0.51
CY16A 1.5d 0.41
1.5d ——
CY16D gy 120 0.42
CY16G 9d 0.44
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*3-5 BIRARBER (CE12 > —X)

ThHhoTHIEMEIRIZE AR bR -T2,

B/ X TRY T REY pl6 ZHNZR BREK CY16 >V
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% 3-6 BIRABER (CEl6 1) —X)

Average maximum

Average maximum

Series load (kN) Main failure mode Series load (kN) Main failure mode
CE12Q 5.53 Splitting / Tensile CE16Q 4.94 Splitting
CE12R 6.15 Splitting CE16R 3.93 Splitting
CE12S 5.33 Splitting CE16S 6.89 Splitting
CE12T 14.08 Splitting / Tensile CEl6T 13.59 Splitting / Tensile
CE12U 16.77 Splitting CEl6U 12.72 Splitting / Tensile
CE12V 15.12 Splitting CEl6V 16.07 Splitting
CE12W 21.77 Splitting / Tensile CEl6W 24.24 Splitting
CE12X 23.18 Splitting / Tensile CEl16X 24.06 Splitting
CE12Y 22.99 Splitting CEl16Y 28.04 Splitting
CE12A 20.07 Splitting / Tensile CEI6A 38.89 Splitting
CE12D 20.61 Splitting CE16D 33.43 Splitting / Tensile
CE12G 25.17 Splitting CE16G 40.21 Splitting

% 3-7 BIRHABKER (CY12 > —X)

% 3-8 BIHHABKER (CYl6 > —X)

Average maximum

Series Main failure mode

Average maximum

Series Main failure mode

load (kN) load (kN)
CY12Q 7.23 Splitting CY16Q 11.87 Splitting
CY12R 7.52 Splitting CY16R 11.03 Splitting
CY12S 8.32 Splitting CY16S 8.41 Splitting
CY12T 22.94 Splitting CY16T 33.84 Splitting
CY12U 22.80 Splitting CY16U 26.75 Splitting
CY12v 24.18 Splitting CY1l6V 26.69 Splitting
CY12W 26.84 Splitting / Tensile CY16W 43.50 Splitting
CY12X 26.99 Splitting CY16X 37.34 Splitting
CY12Y 30.04 Splitting CYl6Y 52.92 Splitting
CY12A 29.58 Splitting CY16A 45.06 Splitting
CY12D 30.15 Splitting CY16D 43.19 Splitting
CY12G 33.17 Splitting CY16G 49.54 Splitting
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£4-1 ERELHEEEOLE (CE12 > —X)

Splitting strength

Series Experimental ~ Evaluated value

value (kN) (kN)
CE12Q 5.53 7.56
CE12R 6.15 7.39
CE12S 5.33 7.72
CE12T 14.08 18.36
CE12U 16.77 18.76
CE12V 15.12 19.16
CE12W 21.77 22.55
CE12X 23.18 23.05
CE12Y 22.99 21.04
CE12A 20.07 19.68
CE12D 20.61 18.69
CE12G 25.17 24.10

F4-3 RRBEEHETFEOLEK (CY12 Y1) —X)

Splitting strength
Series Experimental Evaluated value

value (kN) (kN)
CY12Q 7.23 7.72
CYI2R 7.52 7.88
CY12S 8.32 9.19
CYI12T 22.94 18.36
CY12U 22.80 19.53
CY12v 24.18 23.05
CY12W 26.84 22.74
CY12X 26.99 22.28
CY12Y 30.04 24.60
CYI12A 29.58 22.55
CY12D 30.15 24.35
CY12G 33.17 26.61

KHBIEENERL, B XSDlIZHF LT,

4. EER1E & HEED LB
2 BECHRE LI HEEM & 2RI O ik R 2 & 4-11~
4-4 1T, HEEAE ORI IR B L E R Fo KON E
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VLSRR U 7= R OB E 2 52 2 Eoa)XTckESnd
Eurocode5 X * DR L=, F/mEEEITFER LR
F4-2 ERELHETEBEOLE (CEI6 1) —X)

Splitting strength

Series Experimental Evaluated value

value (kN) (kN)
CE16Q 4.94 6.07
CE16R 3.93 6.07
CE16S 6.89 9.42
CE16T 13.59 14.80
CE16U 12.72 16.92
CEl6V 16.07 23.26
CE16W 24.24 26.04
CE16X 24.06 26.04
CEl6Y 28.04 31.40
CE16A 38.89 33.70
CEl16D 33.43 37.92
CE16G 40.21 31.18

R4-4 RRIELHETEBEOLE (CYl6 ¥ —X)

Splitting strength

Series Experimental Evaluated value

value (kN) (kN)
CY16Q 11.87 10.25
CY16R 11.03 10.04
CYl16S 8.41 10.04
CY16T 33.84 24.66
CY16U 26.75 25.70
CYl6V 26.69 25.18
CY16W 43.50 31.61
CY16X 37.34 35.28
CYl6Y 52.92 37.49
CY16A 45.06 31.84
CY16D 43.19 32.61
CY16G 49.54 34.17
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